Introduction
All-optical label switched (OLS) networks attempt to close the gap that has arisen between high optical line-rates and processing speed of electronic IP routers. [1] . In this technique, aggregated IP packets are composed and accompanied by an optical label, which the core network nodes use for routing and forwarding decisions. In each core node, the payload remains in the optical domain, while the label is recovered, processed electronically and a new label reinserted with the payload. One method for labeling IP packets is orthogonal FSK/IM modulation, where the payload data is 'intensity modulated' (IM) and the label information is 'frequency modulated' (FSK) [2] . Transmission through optical filters, i.e. WDM multiplexers and AWG routers, may cause signal degradations, limiting the reach of OLS transparent optical networks [4, 5] . As the FSK modulation results in a broadening of the optical spectrum, this makes the alignment laser-filters a critical design issue. If the FSK/IM signal is not well filtered, the orthogonal independence of the modulation formats is lost. The two FSK tones will no longer have equal amplitudes, thereby inducing intensity fluctuations and influencing the IM payload by FSK to IM conversion. In this paper, we present simulation and experimental results of how the combined FSK/IM scheme performs with respect to signal degradation due to laser nominal wavelength detuning and optical filtering misalignments.
Simulation results
The setup, shown in figure 1, [2, 6] . During the wavelength conversion the label is erased, as only the IM modulated payload is transferred from the old wavelength (192.5THz) to the new one (192.1THz), in which the new FSK signal has been pre-modulated. The settings of the λC are set such that the output ER is also 6.5dB. Again the optical filter is shifted and the BER of the received IM payload is determined. During the shifting, the settings of the λC were not adjusted. The BER results with respect to the received optical power are shown in Fig.2 (right) . Taken a BER of 10 -9 as a reference a maximum optical filter shift of 7.5 GHz is allowed. This is the same as without λC, because the DUT is placed before the converter. 
Experimental results
In order to verify the prediction of the computer simulations, experiments on a similar scheme were performed. The setup shown in Fig.1 and the parameters used were identical as in the simulations. The DUT was a tuneable Gaussian shaped optical BPF with a FWHM of 0.6nm. The FSK data signal was generated by modulating the phase section of a Grating Assisted Coupler Sampled Reflector (GCSR) laser [3] . The Erbium Doped Fiber Amplifier (EDFA) was set to provide a fixed gain of 25dB and was followed by a Gaussian shaped optical bandpass filter with a FWHM of 1.3nm to suppress the ASE noise of the EDFA. Like in the simulations, two scenarios were tested. First with only the optical filter, of which the centre frequency was misaligned 0, 5, 10, 15 and 20GHz with respect to the laser emission frequency. Figure 3 shows the BER of the received IM signal with respect to the received power. A power penalty of 1.1dB (5GHz), 1.8dB (10GHz), 2.8dB (15GHz) and 4.1dB for the 20GHz shift was observed. For comparison purposes, the penalty in case of 20GHz misalignment for pure IM signal is just 0.4dB. The second scenario is with a wavelength conversion stage. The λC was set to have 6dB of ER at the output. The λC is tuned with optimized conditions. Hereafter the settings were not adjusted. The filter after the λC is a flat-top shaped optical band pass filter with a FWHM of 0.9nm. Figure 4 shows the BER-curves of the IM signal with respect to the received power.
Figure 3. Variation of OBPF in a single channel scenario
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1.00E-03 The reference curves were measured without the wavelength converter. Without filter misalignment, the power penalty due pure wavelength conversion was 2.5dB. With a filter centre frequency misalignment of 5GHz with respect to the laser frequency, the penalty was 5dB. With a filter shift of 10GHz it was impossible to receive a signal with a BER lower than 10 -5 .
Simulations with a flat-top filter
In the previous sections, simulations and experiments were performed with a Gaussian shaped optical filter.
To study the effect of the optical filter shape, the simulations were redone with a flat-top filter instead of the Gaussian shaped filter. The FWHM of this trapezoidal shaped optical filter is 75GHz. 
Conclusions
We have studied the impact of laser wavelength detuning and optical filtering misalignments in a combined FSK/IM labeling scheme. Both the computer simulation predictions and the experiments show that with a Gaussian shaped optical bandpass filter or AWG router, the permitted frequency misalignment between laser and filter is limited to 15GHz for a power penalty of the payload data of 3dB. When using a more flat-top -rather than Gaussian-shaped filter, the influences of filter misalignment are negligible. This indicates that with an FSK/IM modulation format, filters should have a flat band pass, in order to reduce FSK to IM conversion.
